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a b s t r a c t

We attempt to disentangle the effect on alcohol-related accidents and fatal crashes when New Mexico
lifted its ban on Sunday packaged alcohol sales on July 1, 1995. Using crash incidents between January
1990 and December 2005, from data maintained by the Division of Government Research in New Mexico,
ccepted 18 June 2009
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we estimate a negative binomial model that controls for unobservable factors affecting overall accidents.
One of these factors is an increase in New Mexico’s speed limits in 1996. We find no statistically significant
increase in total alcohol-related accidents or alcohol-related fatal crashes on Sundays after the repeal of
the ban.

© 2009 Elsevier Ltd. All rights reserved.
rashes
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. Introduction

Alcohol-related automobile accidents are an important policy
ssue and should not be taken lightly. Federal, state and community
overnments have attempted to decrease alcohol-related accidents
n many ways. Some of these methods have included increasing
he drinking age to 21; restricting access to alcohol to specific
ours, days and locations; requiring trading licenses; and suspend-

ng intoxicated drivers’ licenses. Although many states still restrict
he sale of various types of alcohol on Sundays, little research has
een done that examines the effect on traffic accidents and fatal
rashes from lifting these bans.

We attempt to isolate the effect on alcohol-related accidents
nd fatal crashes when New Mexico lifted its ban on Sunday pack-
ged alcohol sales on July 1, 1995. Alcohol could still be purchased
y the drink for consumption in bars and restaurants before and
fter the ban. This greater availability of alcohol has increased
ublic concern that the number of alcohol-related accidents may
ave increased. Economics predicts that two effects persist. The

ncreased availability lowers the cost of obtaining alcohol, and so
ncreased consumption may result in more alcohol-related acci-

ents. Conversely, because alcohol was readily available in bars and
estaurants on Sundays, some consumers will substitute away from
he consumption of alcohol in bars and restaurants and towards
onsuming at home. This second effect may lower the total amount

∗ Corresponding author. Tel.: +1 864 508 6940; fax: +1 706 542 3376.
E-mail address: rudbeck@terry.uga.edu (J.C. Rudbeck).

001-4575/$ – see front matter © 2009 Elsevier Ltd. All rights reserved.
oi:10.1016/j.aap.2009.06.022
of alcohol-related accidents since fewer intoxicated drivers travel
home. Farmer et al. (2005) emphasize the importance of this
locational substitution when self-selecting municipalities in Los
Angeles banned gasoline and alcohol site sales. They find a signifi-
cant increase in property damage accidents in less dense cities and
concluded the bans may have encouraged impaired drivers to travel
to alternate purchase locations.

Current literature on the association between alcohol avail-
ability and alcohol-related crashes or DUI’s varies. Wilkinson
(1987), Winn and Giacopassi (1993), McCarthy (1999), and Smith
(1978, 1987, 1988) all find statistically significant positive asso-
ciations between alcohol availability and alcohol-related traffic
accidents. Conversely, Smart and Adlaf (1986), Ligon et al. (1996),
and Norström and Skog (2005) do not associate increased alcohol
availability with DUI charges, while Smith (1990) does not find a
statistically significant increase in the number of fatal automobile
crashes.

A recent paper by McMillan and Lapham (2006) argues that
New Mexico’s repeal of a Sunday ban on packaged alcohol sales
was associated with increased alcohol-related crashes and fatal
crashes. These authors look at the number of alcohol-related acci-
dents and fatalities before and after the repeal of the ban allowing
packaged alcohol sales to become effective on July 1, 1995. Based
on an estimated increase in the number of incidents in the post-

ban repeal period, they relate this increase as a consequence of
the law. McMillan and Lapham use a difference estimator, and
their model is restrictive because it lacks controls for other factors
which may be occurring. Although they estimate separate models
for non-alcohol-related crashes and fatal crashes and contrast the

http://www.sciencedirect.com/science/journal/00014575
http://www.elsevier.com/locate/aap
mailto:rudbeck@terry.uga.edu
dx.doi.org/10.1016/j.aap.2009.06.022
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Our study uses a negative binomial model for the count data,
rather than Poisson, to better account for many days where fatal,
alcohol-related accidents were zero. Table 2 presents count fre-
quencies for alcohol-related accidents for all days by overall and

Table 2
Count frequency of alcohol-related crashes for all days for all day/nighttime crashes.

Crashes Overall alcohol-related crashesa Fatal alcohol-related crashes
M.T. Maloney, J.C. Rudbeck / Accident A

esults with respective models for alcohol-related crashes and fatal
rashes, they make no statistical comparison between these mod-
ls. Their analysis also uses a relatively short event window of 5
ears after the ban repeal, and they do not control for subjectivity
n officers’ judgment over whether an accident was alcohol-related.

Our analysis controls for these other factors by using difference-
n-difference estimation. This estimator allows us to account for
nobservable factors that might affect crashes in the post-ban
epeal period via the proxy of non-alcohol-related crashes. For
nstance, one of these unobservable changes is an increase in
he speed limit in 1996. This increase may have resulted in both
lcohol and non-alcohol-related overall crashes and fatal crashes
o increase. Using a negative binomial model, we look at the
hange in the number of alcohol-related incidents before and
fter the ban repeal compared to the change in the number of
on-alcohol-related incidents. Non-alcohol-related incidents sta-
istically control for unobservable factors causing overall accidents
o increase or decrease. In addition, we use a 10-year event window
fter the repeal of the ban and single-vehicle nighttime crashes to
itigate officer subjectivity over whether alcohol was involved in

n accident.

. Method

The data we use are crash incidents in the State of New Mexico
aken from a database maintained by the Division of Government
esearch at the University of New Mexico. All alcohol and non-
lcohol-related crashes in New Mexico between January 1990 and
ecember 2005 are included. These accidents were reported by
olice officers and resulted in death, personal injury, or property
amage of $500 or more. Non-fatal crashes are classified as alcohol-
elated at the discretion of the police officer, and fatal crashes are
lassified as alcohol-related if the blood alcohol concentration of
he involved driver was greater than zero percent.

Table 1 compares sample averages of overall crashes and fatal
rashes on Sunday before and after the ban repeal. For all Sun-
ay day/nighttime crashes, this first look at the data shows that
he average number of non-alcohol-related fatal crashes increased

uch more than alcohol-related fatal crashes. This result suggests
hat some factor not related to alcohol increased fatal crashes on
unday after the lift of the ban. Overall crashes present a similar

icture. The average number of all daytime and nighttime Sunday
rashes not involving alcohol increased in the post-period while
lcohol-related decreased.

Sunday single-vehicle nighttime crashes are separately reported
o mitigate officer subjectivity over alcohol involvement. Although

able 1
verage number of fatal crashes and overall crashes on Sunday—all road types.

Fatal crashes Overall crashesa

Alcohol Non-alcohol Alcohol Non-alcohol

ll Sunday day/nighttime crashes
Pre-ban repeal period 0.4559 0.4981 9.6935 94.9119
Post-ban repeal period 0.4562 0.6058 8.3029 99.7135
% Change pre-post 0.06% 21.63% −14.35% 5.06%

unday single-vehicle nighttime crashes
Pre-ban repeal period 0.3524 0.3218 5.5670 32.8122
Post-ban repeal period 0.3284 0.3923 4.8284 32.4105
% Change pre-post −6.82% 21.90% −13.27% −1.22%

otes: For all Sunday day/nighttime crashes, Sunday is defined as noon Sunday to
oon Monday. Single-vehicle nighttime crashes include only single-vehicle acci-
ents between 6:00 PM Sunday until 5:59 AM Monday. Pre-ban repeal sales is

anuary 1990 through June 1995; post-ban repeal sales is July 1, 1995 through Decem-
er 2005.
a Overall crashes include fatal crashes and crashes resulting in personal injury or

roperty damage of $500 or more.
and Prevention 41 (2009) 1094–1098 1095

fatal accidents are classified as alcohol-related if blood alcohol
concentration of the driver was greater than zero percent, over-
all accidents are reported at the discretion of the officer. Using
nighttime one-car crashes removes much of this subjectivity. These
data provide the same evidence as all day/nighttime crashes pre-
sented before, but for overall single-vehicle nighttime crashes the
average number decreases regardless of alcohol-involvement. Also,
the average number of alcohol-related, fatal single-vehicle crashes
decreases after the ban repeal. Of course, these are the raw data and
need to be examined with controls, but they do give us a sense of the
magnitudes of the effects that we are examining. We model daily
accident counts for both overall and fatal crashes, with and without
alcohol involvement, between January 1990 and December 2005.
Each unit of observation is the number of crashes by day, alcohol
involvement, fatality, and road type. The total number of obser-
vations are therefore 70,128. We use a negative binomial model
which includes a yearly linear trend for all accidents and for alcohol-
related accidents to allow idiosyncratic variation around the trend
line. We also include month dummy variables to allow for seasonal
variation, dummy variables for the road type (rural non-interstate,
urban including interstate, and rural interstate), dummies for holi-
days, day of the week, and the post-ban repeal period. All of these
effects are interacted with alcohol involvement and fatal crash
where they are significant. Approximately 15% of non-fatal crashes
were randomly deleted for the year 1999 when the New Mexico
Motor Vehicles Division upgraded to a new computer system, but
our inclusions of year and month dummies statistically control for
these missing data. The holidays we control for are Super Bowl Sun-
day, St. Patrick’s Day, Cinco de Mayo, Memorial Day, the Fourth of
July, the Fourth of July Eve, Labor Day, Halloween, Thanksgiving,
Thanksgiving Eve, Christmas, Christmas Eve, and New Year’s Eve.
Holiday interactions are included to adjust for days of the year when
alcohol involvement is atypical of an average day.
Frequency Percent Frequency Percent

0 7 0.12 3,511 60.07
1 26 0.44 1,703 29.14
2 53 0.91 475 8.13
3 147 2.51 128 2.19
4 255 4.36 25 0.43
5 337 5.77 3 0.05
6 427 7.31
7 503 8.61
8 476 8.14
9 507 8.67
10 462 7.90
11 357 6.11
12 332 5.68
13 273 4.67
14 230 3.93
15 217 3.71
16 177 3.03
17 157 2.69
18 136 2.33
19 99 1.69
20 103 1.76
21+ 564 9.66

Total 5,845 100 5,845 100

a Overall alcohol-related crashes include fatal crashes and crashes resulting in
personal injury or property damage of $500 or more where alcohol involvement
was reported.
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Table 3
Estimated Sunday alcohol-related accidents in post-ban repeal period.

Coefficient Std error P-value Marginal effect

All Sunday day/nighttime crashes
Overall accidents 0.0795 0.0661 0.193 1.0827
Fatal accidents 0.0990 0.2699 0.685 1.1041

Sunday single-vehicle nighttime crashes
Overall accidents 0.0738 0.0818 0.331 1.0766
Fatal accidents 0.0678 0.3131 0.817 1.0702

Notes: See notes Table 1. Estimates from negative binomial regression of alcohol-
related overall and fatal accident counts in the post-ban repeal period. All accidents
are recorded as alcohol-related at the discretion of the police officer unless fatal.
Fatal accidents are classified as alcohol-related if the blood alcohol concentration of
the involved driver was greater than zero percent. Estimates for alcohol-related Sun-
day single-vehicle nighttime crashes only include one-car crashes between 6:00 PM
Sunday until 5:59 AM Monday mitigate officer subjectivity over alcohol involve-
ment.
Regressions include controls for linear trend, year interacted with alcohol involve-
ment, fatal crash, and alcohol and fatal together, month and month interacted with
fatal crash, holidays and holidays interacted with alcohol, road type and road type
interacted with alcohol involvement, fatal, and post-ban repeal, and interactions of
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atal crashes. For overall crashes, approximately 14% of all days
ad 0–5 accidents, 41% had 6–10, 24% had 11–15, and 21% had 16
r more. For fatal alcohol-related crashes, no crash occurred for
pproximately 60% of all daily observations. Twenty-nine percent
ad one fatal alcohol-related accident. Negative binomial model-

ng allows for this variance to be adjusted for independently of the
ean.

We estimate two separate models—the first for all daytime and
ighttime crashes and the second for only single-vehicle nighttime
rashes. In the first model we define a day from noon 1 day until
1:59 AM on the following day. For example, Sunday is defined as
oon on Sunday until 11:59 AM Monday. This model includes all
ccident data. This model is estimated so that the reader may com-
are the results to McMillan and Lapham’s (2006) as well as studies
hat do not control for officer subjectivity over alcohol involvement.

Because non-fatal crashes are classified as alcohol-related at the
iscretion of the police officer, some researchers have suggested
hat single-vehicle nighttime crashes be used to mitigate officer
ubjectivity (Gruenewald et al., 1996). After the ban repeal, it may be
hat officers are more likely to classify accidents as alcohol-related
n Sundays. Much less subjectivity exists, however, over alcohol

nvolvement in non-fatal, one-car crashes during nighttime. Our
econd model therefore includes only crash data where one vehi-
le was involved in an accident between 6:00 PM on 1 day until
:59 AM on the following day.

As opposed to McMillan and Lapham’s (2006) approach, we use
ifference-in-difference estimators and account for officer subjec-
ivity over alcohol involvement. By modeling for overall and fatal
rashes, both including alcohol and non-alcohol involvement, we
tatistically observe the difference between alcohol-related crashes
nd non-alcohol-related crashes to changes after lifting the ban.
gain, our concern is in part prompted by the data discussed in
able 1. Simultaneously modeling alcohol and non-alcohol-related
rashes allows us to control for unobservable factors that may have
aused all accidents to increase. These factors include an increase
n the speed limit in 1996 and changes to population density and
oad conditions that may have affected all accidents. We may then
bserve if any change to alcohol-related accidents occurred after
he ban repeal relative to non-alcohol-related accidents.
. Results

Table 3 reports each coefficient, the standard error of each esti-
ate, the probability that the coefficient is zero, and the marginal

able 4
stimated road type marginal effects relative to rural interstate.

All day/nighttime crashes

Marginal effect Std error

oad type
Rural non-interstate 3.3908 0.0261
Urban 17.9547 0.1294

lcohol and road type interacted
Rural non-interstate 1.9990 0.0654
Urban 0.9100 0.0287

atal crash and road type interacted
Rural non-interstate 0.3937 0.0168
Urban 0.0535 0.0025

lcohol, fatal crash, and road type interacted
Rural non-interstate 1.7950 0.1339
Urban 3.2074 0.2527

lcohol, post-ban repeal and road type interacted
Rural non-interstate 0.9672 0.0392
Urban 0.9844 0.0387

otes: See notes in Tables 1 and 3.
weekdays, alcohol involvement, fatal crash, and post-ban repeal.
Pseudo R-squared: 0.4005 for all Sunday day/nighttime crashes and 0.3829 for Sun-
day single nighttime crashes. Observations: 70,128 for both regressions.

effect. The marginal effect is the estimated increase in the Sunday
alcohol-related accident count in the post-ban repeal period; this
coefficient is also statistically interpreted as the incidence ratio.
The incidence ratio is found by taking the exponential of the esti-
mated coefficient, and the standard error of each marginal effect is
calculated the same.

The marginal statistical significance for the coefficient on over-
all daytime and nighttime accidents over this period is statistically
insignificant (P = 0.19). Comparing the estimated marginal effect of
1.0827 (SE = 0.0661) to the average 8.3029 (SD = 3.7712) alcohol-
related accidents after the ban repeal in Table 1, we attribute less
than three-quarters of one accident to any regime change that
may have occurred as a consequence of lifting the ban. Put dif-
ferently, there were possibly three more alcohol-related accidents
per month in the post-ban repeal period than can be explained by
trend, seasonality, road type, and holidays. The marginal statisti-

cal significance for fatal accidents in also statistically insignificant
(P = 0.685); as suggested by Table 1, we find that there are so few
fatal, alcohol-related Sunday accidents that it is highly unlikely
that an increase in the post-ban repeal period is statistically
present.

Single-vehicle nighttime crashes

P value Marginal effect Std error P value

0.00 2.9251 0.0269 0.00
0.00 4.8646 0.0431 0.00

0.00 2.3570 0.0906 0.00
0.00 2.2706 0.0855 0.00

0.00 0.3420 0.0175 0.00
0.00 0.1221 0.0072 0.00

0.00 2.0349 0.1770 0.00
0.00 1.9304 0.1832 0.00

0.41 0.9526 0.0453 0.31
0.69 0.9753 0.0456 0.59
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Using single-vehicle nighttime crashes to mitigate subjectivity
f officer judgment over alcohol involvement presents a simi-

ar picture. Comparing the estimated marginal effect of 1.0766
SE = 0.0818) to the average 8.3029 (SD = 3.7712) alcohol-related
ccidents after the ban repeal, less than one-half of one accident,
r one and one-half accident per month, may be attributed to any
egime change. This coefficient on overall accidents is also statis-
ically insignificant (P = 0.33) as is the parameter estimate for fatal
ccidents (P = 0.81).

We do find that road type has a significant estimated influ-
nce on accident counts. Table 4 reports each coefficient for road
ype relative to rural interstate, the standard error of each esti-

ate, the probability that the coefficient is zero, and the marginal
ffect. For instance, around 3 (SE = 0.0261, P < 0.01) times as many
ccidents occur on rural non-interstates than rural interstates, and
bout 18 (SE = 0.1294, P < 0.01) times as many occur in urban areas
han rural interstates. Alcohol involvement is twice (SE = 0.0654,
< 0.01) as likely on rural non-interstates as rural interstates, but
e do not find any statistically significant change in alcohol-related

ccidents by road type that may be attributed to the lift of the ban
P > 0.40). While some of these effects are large and statistically sig-
ificant, omitting these factors does not change our conclusions

rom Table 3.

. Discussion

With such a low frequency of alcohol-related fatal accidents on
undays and changes in other unobservable factors affecting over-
ll accidents, one must take care when attempting to uncover a
egime change associated with repealing the ban on Sunday pack-
ged alcohol sales. We believe that we have taken that care and
nd no evidence of an increase in overall or fatal alcohol-related
ccidents on Sundays in the post-ban repeal period.

We find a statistically insignificant marginal effect of 1.08
SE = 0.06, P = 0.19) for overall alcohol-related accidents on Sun-
ays after the ban repeal compared to McMillan and Lapham’s
tatistically significant effect of 1.29 (SE = 0.12, P < 0.05). This esti-
ate and its statistical significance decreases to 1.07 (SE = 0.08,
= 0.33) once we use single-vehicle nighttime crashes to miti-
ate officer subjectivity over alcohol involvement. Our estimation
rocedure differs from theirs on several margins, but the funda-
ental difference is the simultaneous estimation of alcohol and

on-alcohol-related crashes. Our technique allows for unobserv-
ble factors that may affect overall crashes in the post-ban repeal
eriod to be included in the regression via the proxy of non-
lcohol-related crashes. For instance, an increase in the speed
imit in 1996, relative population density and road conditions

ay have affected both alcohol and non-alcohol-related acci-
ents; our difference-in-difference estimator accounts for these
hanges.

Another difference in our estimation is our use of a linear time
rend and yearly and monthly fixed effects interacted with alco-
ol involvement and fatal crashes. This estimation is less restrictive
ince it allows the data to speak directly rather than assuming a
pecific function form ad hoc. Moreover, our use of interactions
etween these fixed effects, alcohol involvement, and fatal crash

ndicators allows the trend and seasonal effects to vary between
he types of accidents while also maintaining our difference-in-
ifference estimation procedure. Nonetheless, when we estimate
he models using splines, we obtain results nearly identical to those
hown in Table 3.
Because multicollinearity may be a concern given the large
umber of year, month, holiday and road-type dummies and inter-
ctions with alcohol, post-ban repeal and fatal, we ran backwards,
tepwise regressions removing these variables where the marginal
ignificance values were 10% or weaker. The parameter estimates for
and Prevention 41 (2009) 1094–1098 1097

Sunday alcohol-related accidents after the ban repeal were similar
so multicollinearity is not a large issue.

For all day/nighttime crashes, overall Sunday alcohol-related
accidents after the ban repeal increased by 6.34% (P = 0.203), and
fatal Sunday alcohol-related accidents decreased 8.49% (P = 0.56).
For single-nighttime crashes, Sunday alcohol-related accidents
after the ban repeal increased by 5.88% (P = 0.333), and fatal Sun-
day alcohol-related accidents after the ban repeal decreased by
16.5% (P = 0.319). Because the parameter estimates were similar
to the full model and still statistically insignificant, little evidence
exists that multicollinearity is inflating the standard errors of these
parameter estimates. We use a longer event window of 10 years,
rather than only five that McMillan and Lapham (2006) use, after
the ban repeal, and we separately model single-vehicle nighttime
crashes to account for subjectivity in officer judgment over alcohol-
relatedness.

In addition, we find road type has a significant estimated
influence on accident counts for all days. For instance, 3 times
(SE = 0.0261, P < 0.01) as many accidents occur on rural non-
interstates than on rural interstates, and 18 times (SE = 0.1294,
P < 0.01) as many occur in urban areas than on rural interstates.
Alcohol involvement is twice (SE = 0.0654, P < 0.01) as likely on rural
non-interstates as rural interstates, but we do not find any statis-
tically significant change in alcohol-related accidents by road type
that may be attributed to the lift of the ban (P > 0.40).

Previous research has provided support that the temporary
removal of bans (Norström and Skog, 2005) and the partial lifting of
bans (Ligon et al., 1996) do not result in statistically higher levels of
alcohol induced crashes or rates of harm. In addition, Farmer et al.
(2005) provide evidence of locational substitution by customers. It
may be that most drivers responsible for alcohol-related accidents
are heavy drinkers, and these are the consumers who primarily sub-
stitute from drinking in bars and restaurants towards drinking at
home on Sunday. Future research may be able to disentangle the
magnitude of this substitution.
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